T
he use of mechanics to study human cells is important for several reasons. Firstly, our human body is constantly acted upon by stresses and strains throughout life. These biophysical stresses can be induced either from external forces acting on the body or from the physiological environmental conditions occurring within the body such as blood flowing through the different vessels and capillaries. Such biophysical interactions occur not only at the musculoskeletal but also at cellular level and can determine the health and function of the human body. Stresses and strains have also been known to influence cellular events such as cell motility, cell differentiation and even apoptosis (or programmed cell death). Apart from these mechanical loadings, certain chemicals and drugs are known to affect the mechanical properties of cells. For example, certain drugs can result in an increase or decrease in the stiffness of cells. Finally, the biomechanical properties of cells can potentially indicate the state of their health. This is useful as it can lead to applications in clinical diagnostics and even the formulation of suitable strategies towards effective therapeutic treatments of human diseases.
In recent years, biomechanics has been used to perform quantitative study on the change in the physical properties of cells with the progression of certain human diseases such as malaria, sickle cell anemia and cancer. Such changes in the structural and mechanical properties can be detrimental as they can result in breakdown of their physiological functions at both the tissue and organ levels. Here, we used several cutting edge biophysical experimental techniques to investigate one of the world's most devastating diseases -malaria. Malaria is one of the most infectious diseases on earth. It infects about 500 million people and kills about two-three million each year, most of them children under the age of five.
The mechanical and structural properties of red blood cells (RBCs) are important in conducting their physiological functions. RBCs are robust but highly deformable and can pass through narrow capillaries half their diameter to transport oxygen to the various parts of the body. Unfortunately, RBCs are highly proned to invasion by the single protozoan plasmodium falciparum (P. falciparum) parasites that caused malaria. Once a parasite enters into the RBC, some proteins released from the parasite interacted and induced changes to the cell membrane. These changes not only cause the RBC to be rigid but also sticky. This is detrimental as it can result in the impairment of blood flow and may lead to coma and even death. For the case of the P. falciparum-infected RBC, the proteins appeared as knob-like structures on the membrane.
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Recently, we used laser traps or laser tweezers to study how malaria infected RBC has become rigid with the progression of the disease under well-controlled force loadings. This provided a useful mean to determine their change in physical properties. Here, the laser trap is employed to stretch both the normal and infected RBCs. Two silica microbeads are first attached diametrically across a single normal or infected cell to act as handlers for the stretching of the RBC. One bead is adhered to the glass slide while the other is trapped using the laser beam. By either moving the fixed bead or laser trapped bead, we can effectively stretch the cell. Here, the infected cell is stretched at different laser powers to record cell deformation over a range of forces. From the results, we are able to obtain the first direct and continuous forcedeformation responses from the stretching of the infected RBC arising from the various developmental stages of the P. falciparum parasites. It is found that the infected cell demonstrates a remarkable increase in cell rigidity as the disease progresses. From this study, the optical tweezers technique is found to be an effective means in probing the deformation characteristics of the infected RBC and can provide important insights into the connections between mechanical states and the progression of the disease.
Evidences from past histological observations of the microcirculation in blood vessels from cerebral malaria patients has shown that large amount of sticky late stage parasitized cells can accumulate, stick to the blood vessel walls and fully obstruct blood flow. Here, atomic force microscope (AFM) is used to investigate the cytoadherence or stickiness of the infected RBC with the endothelial cells that line the blood vessel wall. AFM will allow us to systematically measure the stickiness between endothelial cells and infected RBC at the molecular level. This study will help us to better understand the pathogenesis of the disease and provide a useful method of quantitatively evaluating the effect of agents and drugs developed to discourage or inhibit stickiness of the infected RBCs.
Mechanics has always been traditionally used for studying and designing non-living structures such as buildings and machineries. Here, we demonstrated a multidisciplinary approach of using mechanics to investigate a human disease -malaria. This innovative approach has enabled us to perform a more quantitative approach to understanding the pathogenesis of a disease that will otherwise not be possible.
